Base Change/Mismatch/PCR/SSCP/Chemical Cleavage A variety of techniques have been developed to detect single-base changes for the two different purposes. One is the detection of mutational events without phenotypic selection, and another is the rapid and conventional identification of mutations such as the specific base changes related to activation of oncogene, genetic diseases, etc. In this study, the utility of the two methods, single strand conformation polymorphism (SSCP) and chemical cleavage, was explored using 13 E. coli lacl-mutations cloned onto M13 phase. The 167 base region encompassing mutations was amplified by PCR as dsDNA. Following denaturation, these PCR products were analyzed by non-denaturing polyacrylamide gel electrophoresis (SSCP) and the separation of the ssDNA fragment carrying the altered sequence from the original sequence was found to be dependent on the location and type of the change. Hetero duplexes of changed/original sequences were also prepared by hybridization of the above PCR products. Mismatched C and T bases were modified by hydroxylamine and osmium tetroxide, respectively, and subsequently treated with piperidine to analyze the cleaved DNA fragments on a polyacrylamide gel (Chemical Cleavage). The cleavage efficiency was also found to be influenced by the type of mismatch and its surrounding sequence. Such observed characteristics should contribute to a better appreciation for these types of mutational systems, which in turn should lead to insight into the mechanisms of mutagenesis.
INTRODUCTION
ern hybridization techniques can detect only large changes in DNA sequence such as deletion and rearrangement events'), but allele-specific oligonucleotide (ASO) hybridization has been used for detection of defined single-base changes. Although only one event can be monitored by ASO, it is possible to analyze large number of samples. However , it remarks problematic to find stringent conditions in which only the specific event will be exclusively recognized . The enzymatic cleavage of mismatches by S1 and mung bean nucleases is inefficient; only low levels of cleavage were observed at high nuclease concentration3,4). Mismatch detection by ribonuc lease cleavage has proven more efficient, but fully 1/3 of all mismatches are not detected by this methods.
The remaining two methods rely on the altered electrophoretic mobility/pattern of target molecules. The development of polymerase chain reaction (PCR) technique 6) makes both altered-mobility and chemical-cleavage methods available for the conventional detection . Altered mobility of mutant DNA fragment can be achieved through single strand conformation polymorphism (SSCP)7'8 , the principle of which is based upon the mobility change due to the local conformational change of ssDNA caused by a single-base change under non-denaturing condition. Another typical altered-mobility method is denaturing gradient gel electrophoresis (DGGE)9-1st, which exploits the dissociation characteristics of double-strand DNA sequences under denaturing condition'). Both such methods assume that subtle alterations in sequences of the same length will impart detectable differences in electrophoretic mobility, namely conformational change and melting polymorphisms, respectively.
The chemical cleavage method 16-21) originates from the idea that a mismatched base modified with a specific chemical can be cleaved by another chemical. Chemical reactions of DNA with hydroxylamine or osmium tetroxide lead to preferential cleavage at C or T mismatches, respectively, upon subsequent treatment with piperidine18-21). As well as SSCP analysis, this chemical cleavage method was also applied to the set of mutations described below. One of the disadvantages of this methods is the hazardous nature of osmium tetroxide, Gogos et al 17). have proposed the use of potassium permanganate in its place. Cessation of primer extension at the mismatched base modified with a water-soluble cabodiimide has also been . reported as a complementary approach for mutant characterization22)
In this study, a series of E. coli lacl mutations, isolated as single-base substitutions after various mutagenic treatments23), was selected for analysis. This series includes i) all available bases at particular sites ii) similar sites with different neighboring base sequences iii) particular alterations/mismatches which have previously shown to be recalcitrant to such analyses. We chose not to prepare synthetic oligonucleotide since there is an available large-collection of lacl M13 phages which correspond to sites of biological importance (i.e., abolish lac repression function).
We applied SSCP and chemical cleavage analyses to the above mutations to explore how each method resolved single base departures from the wild type sequence. SSCP was applied as a convenient mean to physically map mutations and chemical cleavage was employed to expand the information about the position of mutation. The results of these applications are described below.
MATERIALS AND METHODS

Preparation of DNA Duplex Molecules
The N-terminal region of lacll gene in phage M13mRS81 (M13 laclQ ZaT129, L8)24) and the 13 single-base substitutions in this region are shown in Fig. 1 . The isolation and cloning of these mutations has already been described 23). Wild-type mRS81 and lacl mutant derivatives were amplified by infection of E. coli NR9099 (F' [pro-lacll-, lacZ-, JM15], ara, d(pro-lac), thi, recA56)24) at an m.o.i. of 0.1. The recovery of ssDNA from phage, and its purification with phenol and phenol/chloroform was perfomed according to the standard methods 'described by Kunke125). The 167-nucleotide sequence was amplified by PCR (Perkin-Elmer Cetus) using 100 ,ul of the reaction solution containing 2.7 fmol ssDNA, 10 pmol primer I, 10 pmol primer P1, 200 pM 4dNTP, 50 mM KCI, 10 mM Tris.HCI (pH 8.3), 1.5 mM MgC12, 0.01% gelatin, and 0.32 Units Taq polymerase (Takara). The sequence of primer I is that shown in Fig. 1 , but primer P1 is the complement to the sequence shown. PCR consisted of 40 cycles of 1 min denaturation at 94°C, 2 min hybridization at 50°C, and 3 min polymerase extension at 72°C. These 167-bp PCR products were identified on a 2% agarose gel (Seakem GTG) after 2 hr run at 7.4 V/cm in buffer (40 mM Tris•Acetate, 1 mM EDTA) and were purified by electroelu tion from the gel using DNA Cell (Dai-ichi Kagaku). To 5'-end label of the PCR product with 32P , a 30,ul reaction mixture, including 10 pmol of the 167 by DNA fragment 0.74 MBq of [y-32P]ATP (Amersham, 5000 Ci/mmol), and 10 units of T4 polynucleotide kinase (Takara) [PNK] in 50 mM Tris•HCl (pH 9.5)/10 mM MgC12/5 mM DTT/5% glycerol, was kept at 37°C for 30 min, followed by another 30 min incubation after addition of fresh PNK (10 units). The end-labelled product was purified by phenol, phenol/chloroform, and chloroform treatments, and finally by Sephadex G-50 (Quick Spin Column, Boehringer-Mannheim).
SSCP Analysis
The purified 167 by PCR-products were diluted in a solution of 0.1 % SDS / 10 mM EDTA and suspended at a final concentration of 0.5 pmol duplex molecules per 7.5,ul of this solution. This suspension was then mixed with an equal volume of denaturing solution (95% formamide, 20 mM EDTA, 0.05% bromophenol blue, and 0.05% xylene cyanol) and heated at 90°C for 30 sec. The mixture was loaded on a 6 or 8% non-denaturing polyacrylamide gel and run in buffer (90 mM Tris-Borate, 4 mM EDTA, and 10% glycerol) at 30 W for 2.5 or 4 hr, respectively. These procedures are essentialy the same as that proposed by Orita et a17).
Chemical Cleavage Analysis
For the formation of heteroduplex molecules wild-type and mutant PCR-products were mixed at a 1 :1 ratio based upon the amount of 32P end-label (5 to 10 pmol of each product). The mixture was once heated to 95°C for 10 min and then cooled to 60°C and kept there for 30 min. The hybridized molecules were precipitated with ethanol and suspended in a final volume of 25 ul ddH2O. The subsequent chemical treatments were the same as those described by Cotton et al18). Six ul of the above ddH2O suspension was treated with 20,ul of 2.5 M hydroxylamine (pH 6.0) at 37°C for 2 hr. The reaction solution was then placed on ice and mixed with the stopping solution [0.3 M sodium acetate (pH 5.2), 0.1 mM EDTA, and tRNA (25,ug/ml)]. The ethanol precipitate of the treated DNA was rinsed with 70% ethanol and dried.
The same 6,ul of duplex molecules was also mixed with 15,ul of osmium tetroxide and adjusted to 24.5,ul by the addition of a mixture containing 1 mM EDTA, 10 mM Tris•HCl (pH 7.7) and 1.5% pyridine. This reaction mixture was kept at 37°C for 30 min; the reaction was stopped by the same method as in the case of hydroxylamine. The osmium tetroxide-treated DNA was also precipitated with ethanol and dried by the same method as above. The cleavage of these treated DNA was achieved by the addition of 50 pl of 1 M piperidine to the dried pellet. Following 30 min reaction at 90°C, a DNA pellet was obtained by ethanol precipitation and dried below 4°C. The pellet obtained was suspended in TE buffer and purified with phenol, phenol/chloroform, chloroform treatment; another ethanol precipitation was carried out in a similar fashion.
The dried DNA pellet was dissolved in 10 pl of loading buffer (60% formamide, 0.1% bromophenol blue, 0.1% xylene cyanol, 35 mM EDTA, pH 7.4) and heated at 100°C for 4 min.
Electrophoresis was through an 8% denaturing polyacrylamide gel (50 V/cm for 70 to 120 min). To mark base position on the gel, a sequencing ladder from primer P1 (Fig. 1) was run along side of chemical cleavage. Fig. 2 . SSCR analysis of 167 by fragments carrying differing in a single position from wild type at positions 54, 92, and 93. The original base at these three positions is shown. For reference, wild-type PCR product was also analyzed. The electrophoresis was done at 30W for 2.5 hr using 6% non-denaturing polyacrylamide gel (see text).
RESULTS
Analysis by SSCP
Three and four 167 by fragments differing only by one base (at position 92; one wild-type and two mutants, at positions 54 and 93; one wild-type and three mutants) were analyzed by SSCP and the results are shown in Fig. 2 . The same DNA strands having a specific single-base mutation were well separated from their wild-type strands on the 6% of non-denaturing polyacrylamide gel, but some other strands carrying a different single-base change were recovered at the positions similar to those of wild-type sequence. The typical example for a poor separation is the T to C change at position 54. Since the SSCP analysis is performed using PCR-amplified products of the DNA region involving the mutation site, the mutation can be detected not only as 5 GTC-3' 5'-GCC-3 change in+ strand but also as 5'-GAC-3'=>5 GGC-3" in-strand.
In this instance, both mutant strands were not well separated from their original strands. The same type of base change T to C at position 72 with the same neighboring bases for both sides were also assayed by the SSCP method using the 8% polyacrylamide gel to achieve better resolution. As a result, the mutant-strands demonstrated just a little shift from the position of wild-strand but almost no change was observed in the migration speed of+ strand (Fig. 3) . The example for better separation is the G to C base substitution at position 93. In this
case, SSCP assay can analyze both changes of 5'-CGC-3' 5'-CCG-3" (+strand) and 5'-GCG 3' 5 GGG-3' (-strand) from their DNA band shifts. Figure 2 represents that the base change in-strand makes the migration speed faster in contrast to the case of similar speed obtained by the base change in-strand.
The assay for T to C change at position 141, resulting in 5 GTG-3' 5 GCG-3" (+strand) and 5 CAC-3' 5'-CGC-3" (-strand), demonstrated that the migration speeds of both mutant strands were much faster than those of the wild-type strands (Fig. 3) . This is the same type of base change TIC as the above examples in positions 54 and 72, but the result of the separation is different from the above case. For this site all predicted bands were seen on this auto-radiography although it was a little difficult to identify those produced by A : C and G : T mismatches, probably due to the relatively small amount of sample loaded on the plyacrylamide gel or to the less efficient 32P end-labelling of the mutant homo-duplex fragment involving G : C at the site. An alternative interpretation is a relatively lower efficiency of modification of the C base in C : A mispairs, and a similar tendency was observed at position 54 shown in Fig. 5 . In this example, the expected size of molecule, produced by the hydroxyla mine and subsequent piperidine treatments for C : A mismatch, was seen on the gel, but the efficiency of cleavage was around the level of non-specific bands. The lower detection efficien cy can be also recognized by comparing this cleaved band to that of the same size molecules following the osmium tetroxide detection for T : G mismatch involved in the same hetero-duplex preparation (see lanes of TA/CG in Fig. 5 ). Another remarkable finding in the example of position 54 is as follow; T : T mispairing was detected as a clear band by osmium tetroxide only for the mismatched T base in+strand.
Interestingly, hydroxylamine recognized mismatched T base in both strand. At position 54, the cleaved products created from C : T mismatch were detected although the relatively large number of nonspecific bands were also observed together. In the example of position 93, the mismatched T base in T : G was not detected by analysis using osmium tetroxide (Fig. 6 ). This lack of cleavage was confirmed by the same assay for T : G mispairing at position 141 in which the mismatched T is in the same 5 GTG-3' as that in the position 93. Even after prolonged exposure (note over exposure of H lane), no band was observed in 0 lane (Fig. 7) . Similarly, the A : C mispairing at position 72 was analyzed to confirm the poor detection at position 54 by hydroxylamine. In contrast to the above case of osmium tetroxide, the clear cleaved band was observed in the case of position 72 despite the same neighboring bases at both 5' and 3'-side as those for the mismatched C at position 54 (Fig.  7) . 
DISCUSSION
Intringingly, SSCP analysis for the two TIC changes in the middle of 5'-GTC-3' at positions 54 and 72, represents relatively poor-separation from the wild sequence on the non-denaturing polyacrylamide gel. While the same change at position 141, middle of the 5'-GTG-3', demonstrates the distinctly separated band (Fig. 3) . It is too small number of instances to speculate whether just 3'-neighboring base and/or the surrounding nearby sequ ences, e.g. ± *: Cleaved DNA band was observed but the intensity was not so much higher than those of non-specific bands. Tables 1 and 2 . Osmium tetroxide also can recognize C in C : T mismatch with less efficiency compared to mismatched T like the example of position 81 shown in Fig. 4 . Similar detection of mismatched C in C : C and C : T by osmium tetroxide treatment was observed in these mismatches at position 93 (Fig. 5) .
As pointed out by Bhattacharyya and Lilley2l), poor detection of mismatched C in C : A by hydroxylamine was seen in our example of position 54. Similar difficulty of C : A mismatch detection by carbodiimide has been also suggested by Guangly and Prockop22). However, the same mismatched C located at position 72 and surrounded by similar sequence, at least identical bases of both 3' and 5', was clearly detected by hydroxylamine treatment in the present experiment (Table 1) . In contrast, the T : G mispair in the middle of 5'-GTG-3' was not detected by osmium tetroxide in either positions 93 or 141 (Table 2) . It is also difficult to speculate the neighboring base effect from this sort of small number of determinations. In future, it should be of interest to examine whether effect of much longer sequence like GC rich, also might affect the detection efficiency as suggested by Guangly and Prockop22). As noted by Bhattacharyya and Lilley21), hydroxylamine and osmium tetroxide are more likely to react with the 5,6-bond of mismatched pyrimidine if the pyrimidine moves into the major groove of B-form DNA. It is also worth to emphasize the fact that these poor detections can be supplemented by the recognition of the opposite sense of mismatch, for example, C : A mismatch is difficult to detect but the GC : AT event can be detected as a T : G mismatch.
The frequent occurrence of non-specific cleavage by peperidine following the osmium tetroxide was observed in this work (Fig. 4-7) as well as the observations reported by Gogos et al. 17) and others. Another difficulty specific to this approach is the high-intensity DNA band observed around the upper part of the all polyacrylamide gels of Figs. 4-7 irrespective of the kind of treatment.
The alkaline agarose gel provides the possibility that this is not the cleaved DNA band, because the corresponding size of the ssDNA band was not detected in such gels. The specific band seems to be non-denatured DNA and it should be possible to eliminate such bands by higher specific activity of 32P label and/or reduced amount of molecules loaded on the gel.
Polymerase chain reaction (PCR)-mediated amplification of entire or partial gene is required for these kinds of analysis. The possibility of predictable errors having occurred during such amplification 26,27) has to be pre-determined before staring analysis. These techni ques have been developed for the convenient detection of point mutations and have already contributed to a wide range of fields. We would like to suggest that these techniques can be regarded as a useful mean to map and characterize the mutations applicable to fundamental studies concerning DNA replicational errors (fidelity of DNA polymerase), the relationship between DNA repair and mutagenesis, mutagenic specificity of chemical and physical mutagens, and so on.
